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January, 1965 - June 30B 1965 In the past six months the following reports 

Do E, bper A-31 An Analysis of Canfined Vot-tex Flaws 

Go A, Obteni A-35 A S$udy of the Theory and 
l~karsuranent of Plasm Mffusim 

M, R, Smith A-39 C 0 l U ~ l . d  htemtlOa of Energetic Test 
Electrons With a Plasma 

The follm-tng papem have either been published or submitted for 

pub Uoat ion : 

B, So !Panenbarn wl?lelds 'Produced by a Current Source in a Partlg 

M, R, M t h  "A Measurement of Energetic %st Electram Interaction 

R, M, Scott & M, R, Smith ''A Note on Ccmm?mlal Spectral Sources 
Rev, %I, Wto 

Imized Gad'. J, Appl, hys. SB 1288 (1%5), 

With a Plarsma"o mo %v0 Letters (sent July 2, 1965)c 

for h?,tmmmtal Resolutiun fiasuremnts". 
(sent June 28, 1965)* 



work and In the general area of microwave interactions wlth plasmas, 

Mpmts on specific problems are outlined belaw, 

DE wiwand padianeter refemd to in QUI- Pmgress Letter #6 is 

still being buil t ,  The ridge type wave guides and associated c ~ m t s  

to cover the 3-U kmc, range has been carpleted, Prelhlrwy testing of 

the 30 mc, low noise 13, aulpllfler with part of the guides in place h+ 

dicate satisfactory operatian, The rlageyWaare @de swltch for power 

c ~ a s o n  I s  still not Mnishecl and is the last carpcxlent required for 

the conpletlopa of the mdlanster, 

Ch the theoretical side, a*1 attempt is made to  estimate the effect 

of the wave-guide walls m the power radiated by the e l e c t m  at the 

cyclotmn ftwqeracy and at its harnrmics, 

(W, B, Johnscrn, M, R; sasith) 
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taperatwe of 40,000 KO 

extension of the maxinun impact parameter P- = x 

Ilrebye length, w the plasma energy and wt the test elect- eneqcy yields 

themtical nmilts which 1s In substantial agreemnt with the calculations 

of various authors- The experimental flncUngs, however, yield an average 

energy loss larger than the theoretical pmdictlm, 

found avera(se energy lass and s p ~ a d  in the energy vary pmportia?ally t o  

the plcasma electron density, A tentative energy gain mechanism has been 

proposed to explain thls d i s c ~ m c y  between theory and experiment, 

A collisiondl theom developed through the hoc 

A~ is the 
wt 

The experimentally 

Both of the theoretical and eltperlmental t indings have been described 

in two VI%S (A-38 and A-39), 

The hot cathode glan-dischatge experimnt zWtxmd to In our Pmgress 

letter %6 is mu w e l l  under way, Ion waves have been excited in the dis- 

charge by meam of' a grid modulated at 8Lpdlo frequencies, Ihe anset and 

grodluctfon ~f these waves have been detected by means of movable Lan@pruir 

pmbes and spectru>scoplca.lly us- a m ~ t e r ,  In cmJunction with 

the above d.3.agnostl.c methods phase sensitive cornlation debc~om have 

been employed t o  masum p k s e  shifts and amplitudes of the wavesc 

Undmx-y mrpsmments set the wave length or" these waves at 10 an for fre- 

quencies of the order of 12 kilocycles and velocities of the order of lo5 
w s e c o  

Pm- 
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N, Microwave --x - Ionizatlm and Heating of a Plasma 

The ianfzatlcm and heating experimnts by micrwave have proceeded 

very wellQ The procedwe has been now hfghly repindl, An x-band mappetm 

pulse of 250 kw peak power I s  applied to a mlcrcnvave cavity In which the 

gas container I s  located, A subsequent ptalse Fran an Wand ntagrretran of 

1 Mw peak power of the sam duration is used to =her i d z e  the gas 

and heat the plasm wNch has a volume of 300 un3 appmxhately. 

Since the wry high microwave power that is used in this experiment 

btroduces import;ant; nm-linear effects ?dxLch are n o m l y  neglected in 

small signal -, 811 attempt has been started to predict the depth of 

pemt19tiana the loss mechanism and the rate of Ionization as a flulction 
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VIII, MHD Induction Generation 

An aplalysis has been completed t o  describe the swirling (vortex) flow 

(with a net d a l  mass flow) of a viscous electrically-conducting fluid 

confined between kwo finite parallel flat plates in the presence of an 

applied axial magnetic field,  

Of prfnary concern were the details of the flow velocity field including 

the  blockaffe of the vortex moticm by the bclildup of botandary layers on the 

end plates and of the redistributian of radial mass flow into thew bounhy 

layers, The rnaln assqtims we= that the fluid be Fncanpressible With 

canstant pmpmties iand that tkze flow be laminar, steady, and axisymnetrlc, 

The analysis is also limited to the case of the canfipling end plates close 

together conpared with their radius. 

The resulting profiles are discussed as ftmctfons of the primary 

p m t e r ,  the radial mass flow, and, where possible, are conipam?d With 

previous worko It is shorn that for estimation of the boundary-layer block- 

age a non-mgnetic malysls will provide an upper bound on the boundary- 

layer thickness for the correspol?diry5 magnetic problem. That is, for a 

glven set of' conditions, the boundary-layer blockage is maximum for the 

m - m a g ~ t i c  case, 
I 

/ 

The dqxmdmxw nf the radial velmity N, the 1."Urlous p a z m t e r s  was 

malyzed t o  determine how these paramtern affect the redis t f ibut ion of 

=dial mm flow, Tt bms f'nl_m_d khat thp md4n7 m z s  f l ~  i n _  the f z ~ r  

layers is  largest for the r im-mwtic  caseso As mafinetic effects are 



added, the boundary-layer mass flaw decreases, lessening the tendency for 

radial backflow (mversal of radial velocity outside the boundary layers) 

to OCCUTO 

With regard to the ternperatum distribution it was fcnmd that i f  the 

Prandtl number is of order ones the boundary layers can be cooled without 

affecting the rrain fluid t;e!npemture, This effect is Important if it is 

desired to quench the boundary layers to decrease w a s t e n t 1  Poop currents. 

This work has been prepared as a Ph,D, Thesis entitled, "An Analysis 

of Confhed F~ef;ohydrodynmdc Vortex Flows" by David E, Iaper, A version 

of this work is being prepared for publication In  a journal, 
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